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Current limit 2.0 eV,BR < 1010
SH = SHe* + e + Ve

0.1=— o
I Tritium spectrum

0.08:—
dr/dE - Q = Mr- Mste - M
) 0.06f = 18.6 keV

Most E. at ~3 keV
0.04
0.02
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Current limit 2.0 eV,BR < 1010
SH = 3He*+ e+ Ve  KATRIN goal 0.2 eV, BR < 02

«10° inverted scale 0.05 eV,BR < |04
0.1
i 3e-10 of spectrum
0.08/—
dr/dE -
(eV) _
0.06(—
0.04—
0.02|—
_|| | ||||||||||||| ||| | | |
% o 8 7 6 5 4 3 =2 1 0
Eo-E (eV)
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KATRIN:
2015—2020 outlook

Ben Monreal, UC Santa Barbara

Recent spectrometer news: (a) radon, (b) wire repair
Source construction news & schedule
Stat & systematic error outlook
Upgrade ideas and needs



1. Spectrometer news (a) Radon

Radon decay in spectrometer = ionizes residual gas at high potential = background e-

Electrons:

Energy (keV) Intensity

Auger L 8.33
CEK 37.50
Auger K 59.7
CEL 113.66
CEM 126.45
CEK 178.125
CEK 200.45
CEL 254.291
CEM 267.081
CEL 276.62
CEM 289.4|
CEK 308.705
CEL 384.871
CEM 397.661
CEK 424.49

CEL 500.66

B. Monreal UofC 11/13

Time
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1. Spectrometer news (a) Radon

Newly-installed cryopumping capacity = LN2-cooled baffles in front of NEG pumps
— m:\\nv ; \" c ,_ \\R = = \e. |

\

Drexlin



1. Spectrometer news (a) Radon

Baftles are good at pump-port Rn removal, less good at spectrometer volume

observed single background at SDS-1

B Rn219 from NEG y
B expected Rn background: 1 Rn%;g from MS TE-
B Rn —
O (1 CpS) Total —
] ? e
. 9 G setting 8 o
«% 20— -_ —$- warm baffle | ;' =
S oF 1(519.6 = 3.2) meps | .|~ cold baffle = N
= ! 5 ; i|—&— single events o)
- —¢ + —— i s
£ 16 o g Wl g e S 102
s E 2 F
e S S 7 S S e e A S
B | : I S =
8 F 1(219.7+=4.7) mcps )
04— S i e s R Al 10°
. Scenario 2
E | | | | | 1 | | | i | | | | i | | 1 | | | | | | i | |
O.%- 0

05 1.0 1.5 20 25
radius in analyzing plane (m)

G. Drexlin — radon suppression

Drexlin



als Spectrometer news (b) wire repair
Inner Electrode Repair QAUT

® Situation of the Inner Electrode: T

® CuBe rods used to distribute wire electrode potentials behind
the wire layers deformed during baking above 200 °C.

status of 20.01.13

. . detector
® Several short circuits prevent us from pos e St
using double layer configuration. 15 vacuum port

with
KATRIN
number

14

13

left(west) dipole half
right(east) dipole half

2 potentials ‘ 2 potentials

2 potentials 2 potentials

\ 2 pot. 2 pot.
Anti Penning Electrode 1 potential
Owe r pa rt J U & B source

Without double-layer wire configuration,
low-energy wall electrons can wander
into flux tube

WITIIT & SINEgIE T111g.

T. Thimmler - SDS Components | DOE KATRIN review | July 23, 2014 Th u m m | er

['s



SDS SChedUIG beyond phase “ B installation/upgrade

| preparation/design

B commissioning/measurement

O e S O T S S S
SDS Phase I i

Venting / Opening —
20 weeks inside tank _

Pre Spectrometer Install. —
Closing the Vessel _

: ‘\a\ —
SDS Phase Il (\O&& \G _
SDS ORR completed \> | )
SDS ready x
WGTS requires resources !—!j_

Pumping / Baking

25 T. Thimmler - Preparations for SDS phase || commissioning



2. Source construction news & update

The Windowless Gaseous Tritium Source

&

B T,-injection 1.8 mbar I/'s = 1.7*10" Bqg/s = 40 g tritium per day

B Temperature stabilized (AT<30 mK) beamline

B /7 superconducting solenoids in driven mode

® Challenging system regarding cryogenics, vacuum, magnet system
B Currently under construction




2. Source construction news & update

WGTS Mounting

Final WGTS Mounting continues

® Huge assembly tooling was prepared in time
M 6/15 final mounting steps have been concluded without any mayor incidents
W Skilled an experienced personal in charge of mounting strategy and control

Frankle & Kosmider
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2. Source construction news & update

Cryogenic Pumping System
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® As-built dimension of the BT and Mag.-Module assembly

® Cold mass with beam tubes+ports, 7 magnet modules, supports, piping

o

S

Measurement by laser tracker at room temperature

—->Dimensions at cold condition is needed for magnetic field calculation!

apisensor.com

Woosik Gil - KATRIN-CPS



Systematics progress

source of achievable/projected systematic shift
systematic shift accuracy Oayst(M2)[1073e V7]
description of final states f <1.01 <6

T~ ion concentration n(T~)/n(13) <2-1078 < 0.1
unfolding of the energy loss < 2

function (determination of f..s)

< 6 (including a more
realistic e-gun model)

monitoring of pd
(Ey —40eV, Ey + 5eV]

AET/GT <2-1073
AT/T <2-1073

AT/T <2-107° < Y565
ADinj/Pinj < 2 - 107°

Apex /pex < 0.06
background slope < 0.5 mHz/keV (Troitsk) < 1.2
HV variations AHV/HV < 3 ppm <5
potential variations in the WGT'S AU < 10meV < 0.2
magnetic field variations in WGT'S ABs/Bg < 2-1073 < 2
elastic e — Ty scattering <5

identified syst. uncertainties

— 2~ 2
Osyst,tot — Z Osyst ~ 0.01eV

conservative 2004 design report Osystot = 0.017 eV2



Helmholtz coils

X XX

TRIMS

L. Bodine, D. Parno, H. Robertson
CENPA/UW

Goal: check accuracy of
molecular theory for
Too (BHeT)t e-v
Systematic treatment at KATRIN:
oe((3HeT)*") = 0.3 £ 0.003 eV

TRIMS Sim: lon Measured Energy vs TOF

BOl | s & s 1 lon
Detector prm— o > | Detector
||
| |
Method: measure ratios of %,

dissociation decays 240000

TooSHe+ Te-Vv

TooSHe Tte-Vv

Too (CHeT)te-v
predicted by same calc.

w— T

— IHe*
L

~—— H* Bkgd
—— "He' Bkgd
’HeH' Bkgd

x10®

0.7 08 09 1

time of flight (s)



High-voltage stability

In
RytoRygs =880k L
Rep = 36MQ
—CCD RCD
Rep.v = 90kQ I
Repvz =1MQ 1T
R, =1.2MQ L
Ruy = 600kQ —Ceo | |Rep
Ruvs = 880kQ .%
Ruvs = 121kQ
Ccp=Cepury = 7nF ——Ccp | [Reo
. I
::CCD RCD
. {
::CCD RCD
out, __CCD,LV 2 X RCD,LV1 * l
- | Ceov
2 xRep,Lv2 - Rep,Lv

Re7.99

R100-132

R133.165

/

Ry

Uout,1818:1

Design

requirement: AV/V < 1.5 ppm/month

Obtained: 0.1 ppm/month
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Stephan Bauer
Ph.D. thesis,
Munster 2013
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Systematics progress

source of achievable /projected systematic shift

systematic shift accuracy Oayst(M2)[1073eV?]

description of final states f<1.01 <6
T~ ion concentration n(T~)/n (1) <2-1078 < 0.1

unfolding of the energy loss < 2 Al anlactue
function (determination of f.s) < 6 (including a more J .
. e-gun will help
realistic e-gun model)

monitoring of pd exceeded x2 hEdE R AR
[Eo —40eV,Ey+5e exceeded x10 AT/T <2-1073

AT /T’ <2-1073 <
exceeded x10 RANZRY SR AR (U

[
Ol
ot

Apes/Pex < 0.06
background slope < 0.5mHz/keV (Troitsk) < 1.2
HV variations AHV/HV < 3 ppm <5
potential variations in the WGTS AU < 10meV < 0.2
magnetic field variations in WGT'S ABg/Bg <2-1073 <2
elastic e™ — Ty scattering <5
identified syst. uncertainties Osyst.tot = 1/ 2 ngst ~ 0.01eV?

with known source hardware o = 0.0085 eV-
Conservative design report 0 = 0.017 eV?



Neutrino mass
sensitivity

Activity

Commissioning

Transition to tritium ~1eV
Running 0.4 eV
Running 0.3 eV

End of run, upgrades? 0.2 eV

Upgrade runs?



Short version:
KATRIN source and spectrometer should begin science
operations in fall 2016.

My prediction is that KATRIN will eventually underperform on
statistics but overperform on systematics, which is good.



Future upgrades: TOF

« Steinbrink et al 2013 New J. Phys. 15 113020

It it's possible to tag If you "chop” the source
electron start time: every 40us
400 ﬂ — - : i ‘ — : ; — : | E, » 10574.508064 500 oV
350 e “:::;:":”w 10° - dim;?":;w
O N [ £ N B B f (PO ece = 18555 eV
2501 |
@ 0 10
§2°°E 3 = 18565 eV
150f
- 10°}
IOOE
02006 76000 75000 20000 25000 30000 35000 40000 45000 1026' 5000 70000 1500020000 25000 30000 35000
TOF [ns] TOF [ns]
push 3y sensitivity to 0.1 eV? same statistical sensitivity as

KATRIN, possible different systematics

=high-risk R&D? Project 87 _ new run mode, needs study



dI'/dE (a.u.)

Future upgrades: sterile

Mertens et. al., arXiv:1410.7684

Kink in tritium spectrum due to sterile neutrino

x10"°
25— -l
L7 U e no mixing
20[4
n —— m, =10 keV, siff® = 0.2
15
10
5
O_I L L I L L L I L L L I L L L I L L L I L L L I L L L I L L L I~|~ L
0 2 4 6 8 10 12 14 16 18
E (keV)

m, (keV)

Sterile neutrino sensitivity of dedicated KATRIN

run, 3y statistics on full spectrum, realistic systematics

N
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"Full spectrum" = huge count rate (10'1/s) at detector.
Needs complete new detector system: large pixel count and fast electronics.

: .. — full correlation
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US needs:

e 2015: Detector upgrades, Rear Section
commissioning

e 2016—: funding & people for operations



BM & Formaggio, PhysRevD 2009

The Project 8 concept

O T m-\o» “

Cyclotron radiation

® emitted by mildly relativistic
electrons £, e

e Coherent, narrowband v 2m(me + K/c?)

® |0'>W per electron

1 2q°w: Bi

e 3 1@ B field —

Ptot:

® FElectron energy contributes to
velocity v, power P, frequency w

® (Can we detect this radiation, TagasatP < ImT

measure v, P 0, and determine E
+ | eV? ﬁ\% S E ? § ?
Microwave antennae

@l B Monreal Madison 01/15




rare high-energy many overlapping

electrons low-energy electrons
@ °f -
B I T
s 514 ' %
S | 5
E [ 107 EV
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l B
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c 00
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B \ /
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Frequency (GHz)

BM & Formaggio, PhysRevD 2009 I OO’ OOO S i Mu Iated T2 d ecays
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Receiver
50 K cold head : —>
| : g
: ' O
Cryogenic low-noise _/:—$ 7
microwave amplifiers P -

waveguide

83mKr gas system

superconducting
magnet~1T, —>
52 mm warm bore

Insert
Gas Cell
+ Waveguide
(inside)

B-field

B. Monreal Madison 01/15



{

CSB

VVaveguide cell

0.952

0.95¢

0.948 ¢

Total Field B[ T]

S ‘

1 ‘

——0.0A| ! Bmin 3

de 094_4._10 i 1 i



RF chain and reciever

e Bulkhead Adapter

= Vacuum Feedthrough

-1~ Long RF Cable

e Cryogenic Receiver -

Electrca wraz || wraz || wR4z :
I]\V Trp _II] OPPH | |50 Twist| | 1194 cm @ WR28 I> Bl e —

&«

B. Monreal Madison 01/15



Asner et. al., arxiv:1408.5362, PRL in review

First event
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First event
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- 17.8 keV event
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1.5 2 2.9 3 3.5
Slow-time (ms)
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17keV Peak — Track Energy vs Trap Current — 20140829 Dataset

30 T T T T T T T T T T
! T T ] T — 400mA -
600mA _
g . 25, 800mA - [-\ _
I I —— 1000mA
0.952 o o —— 2000mA
I I
— 7 w 20F .
- : : 2
— ' ' 2 \
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() I I 3 '
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—_—0.2A [ [ \
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251 800mA _
—— 1000mA far OE - 10 eV
. ..g 201 — 2000mA ]
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oE=1006V % Not 2
E = S 151 _
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Z .
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5 4 uniform B field in
/
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83mKr conversion electron spectrum

Frequency (GHz)
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Asner et. al.,,
arXiv:1408.5362
PRL in review

83mKr(1/2-)

17.8 keV
electron

83Kr(7/2+) K+’

30.2 keV
electron 32.15 keV

3K (7/2+)1LH) || “F

31.86 keV
electron

83K (7/24) M+

32.12 keV
electron

83K (7/2+) N+
B3Kr(7/2+)
83Kr 7/2+ (L+) 9.41 k%v

R




Project 8 sensitivity estimates:

Small and high-density or large and low-density?

Neutrino mass limit, eV (90% CL)

100

o

—

e

0.01

Standard deviation in m °, eV*

0.001

More statistical sensitivity by
packing more T into your

/ source

T,,3x10"

PRELIMINARY

el

Atomic T, 3x1 O11

If source is too dense, limit is
systematic error on linewidth

(approx. 0.25 eV)
» accessible with 2 mCi, | liter

Molecular tritium final-state

uncertainty (0.1 eV)
| .1 &~ ~20 mCi, 100 liter

1\AtomicT experiment
200 mCi,5 m?

6

10 107

B. Monreal Madison 01/15
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P8 in large volumes

Cartoon from BM & JF 2009

\\\\\K\\\‘\\\\\\\\\\
\ Superconducting magnet coils

phase delay loops

amplifiers

mixers

T,gas

transverse antenna array

source i

=550 IVOOV

decay electron -

decay electron

\*ﬂ\*ﬂ\eﬁ\*ﬂ\*ﬂ\eﬁ\*ﬂ\*ﬂ

T T T Tl T Tl Tl e

transverse antenna array

e T T el e e e e e T

detectors

endcap
antenna

Mark Jones, PNNL design

patch antenna configuration



P8 in large volumes

SmCo Waveguide straw concept SmCo
magnetic magnetic
thnges solenoid coil = uniform 0.5T + 5uT b‘l’tst'Tes

antenna feedhorns . I
/< ampule/cavity #l ,
_—_<. ampule/cavity #2 l

rﬁ ampule/cavity #3
ﬁ ampule/cavity #4

R R T
Ll*\“

RF system




Early ideas for atomic T

Goal: remove 0.3 eV smearing of spectrum due to THe ion final states
Remove systematic uncertainty on that smearing
Challenge: need extremely low T» fraction

Dissociate T2 gas
Inject into multi-cusp
loffe trap

T atoms retained
(t=?) in trap interior
Tofreezes to cold
walls

SHe buffer gas
cooling?

B field uniformity?




Project 8 needs

e 2015:
® Kr, Xe, T2 running in
existing magnet ® General sense: "we'’re not
e R&D on scalable racing to beat KATRIN to

antenna, trap, DAQ the T2 result”
e 2016—2017 ® Most important outcome

is a viable atomic-T
experiment and
dramatically-new
* 2018— sensitivity
® First shot at new Vv
mass sensitivity

® Scale up to ~| liter
® atomic [ experiments



